INTRODUCTION {#s1}
============

Stroke is a cerebrovascular disease in which decreased consciousness and body paralysis suddenly occur because of a circulatory disturbance. The segment that stroke patients occupy in the rehabilitation is increasing[@r1]^)^. As an exercise treatment method from the neurological aspect, diverse types of direct therapeutic approaches to the functional recovery of the affected side have been implemented so far. A recent study reported that an indirect therapeutic approach that aims at the recovery of the affected side by using the body part on the unaffected side was effective[@r2]^)^. The study of Hellebrandt et al.[@r3]^)^, which is related to indirect therapy, reported that the maximum exercise of the body trunk and limbs on the affected side causes muscle tension of the body part on the opposite side that did not exercise. They also reported that the flexion pattern of the upper limb could indirectly activate the body trunk muscles as it causes the contraction of abdominal muscles. Stroke patients experience selective posture abnormality, difficulties in motion control, and inappropriate muscle tension. They also have an abnormal symmetry of the body trunk and stability of the proximal part because of paralysis of one side of the body. Abnormal posture causes asymmetric alignment, which affects the stability of the body trunk. As a result, posture maintenance and walking become difficult[@r4]^)^. Although several previous studies were conducted on the functional disability of the upper and lower limb muscles among hemiplegic patients due to stroke[@r5], [@r6]^)^, reports related to body trunk muscles are rare. Moreover, domestic studies in Korea that examine the effect of isometric muscle contraction of the affected-side upper limb on the muscle activity of the opposite-side body trunk are scarce. This study investigates the change in muscle activity of the body trunk on the opposite side according to the isometric contraction of the affected-side upper limb of normal people.

PARTICIPANTS AND METHODS {#s2}
========================

A total of 10 healthy adults (four males and six females) enrolled in University U located in Chungcheongbuk-do Province, South Korea, were selected as the research participants of this study. Average age, average weight, and average height of the research participants were 21.3 ± 1.5 years, 56.5 ± 10.6 kg, and 168.4 ± 8.2 cm, respectively. The participants with surgical or neurological damages were excluded from the sample. Ethical approval for the study was granted by the U1 University institutional review board (U1IRB2018-12). All participants read and signed the consent forms in accordance with the ethical standards of the Declaration of Helsinki.

A handheld dynamometer device (Commander^TM^, JTECH medical, Salt Lake City, UT, USA) was used to measure the isometric contraction of the upper limb The MP150 (BIOPAC System Inc. Santa Barbara, CA, USA) surface electromyogram (EMG) system was used to measure the change in muscle activity. The surface electrode was attached to the rectus abdominis (RA), internal oblique abdominis (IOA), erector spinae muscle (ES), and multifidus muscle (Mf). The average value of the EMG signal of each participant was expressed as the percentage of the maximum voluntary isometric contraction.

To perform the initial posture, the research participants maintained the anatomic posture in the supine position as they put their feet shoulder width apart and took a neutral position of their toes. To conduct a homogeneous experiment method for all the participants, we measured the muscle activity of the RA, IOA, ES, and Mf of the non-dominant-side body trunk during the isometric contraction of abduction (Abd), adduction (Add), flexion (flex), and extension (ext) of the shoulder joint of the dominant-side upper limb. The order of the four types of shoulder joint exercises applied to the participants was randomly determined. We used a handheld dynamometer device to identically provide the participants with proper resistance. Resistance was given so that 50% of the maximum contraction was maintained. Resistance was applied to the outside, inside, front, and rear of the wrinkle and the distal part of the lower arm during the isometric contraction of the shoulder joint, which includes Abd, Add, flex, and ext. To maintain constant resistance steadily for 5 s, visual feedback was provided to the patients and the evaluator using a handheld dynamometer device. A 1 min resting time was given between each exercise. Contraction for 5 s was repeated for three times, and a 5 min resting time was given between each exercise. The average muscle activity was computed to be used in the final analysis.

For the statistical treatment in this study, a repeated one-way ANOVA was conducted to investigate the muscle activity of the opposite-side lower limbs according to the isometric contraction of the affected-side upper limb. The Bonferroni correction method was used for the post-hoc test. The Excel 365 program (Microsoft office Inc., Korea) was used for statistical treatment. A statistically significant level was set to α=0.05

RESULTS {#s3}
=======

All of the Abd, Add, flex, and ext of the shoulder joint of the affected-side upper limb produced a significant difference in the muscle activity of RA, IOA, ES, and Mf of the body trunk on the opposite side (p\<0.05). In the post-hoc test, the Add and flex of the shoulder joint of the affected-side upper limb showed a significantly higher muscle activity of the RA, IOA, ES, and Mf of the body trunk on the opposite side than the Abd and ext (p\<0.05) ([Table 1](#tbl_001){ref-type="table"}Table 1.Comparison of the muscle activities of body trunk muscles on the opposite side according to the isometric contraction of the affected-side upper limb (unit: %)Isometric contraction of the affected-side upper limbPost-hocAbductionAdductionFlexionExtensionRA^\*\*^10.0 ± 6.917.4 ± 8.415.5 ± 6.87.9 ± 5.6Abduction, Extension \< Adduction, FlexionIOA^\*^16.1 ± 6.120.1 ± 7.618.3 ± 8.511.1 ± 6.5Abduction, Extension \< Adduction, FlexionES^\*\*^11.9 ± 4.121.8 ± 9.719.9 ± 8.78.7 ± 5.1Abduction, Extension \< Adduction, FlexionMf^\*^14.8 ± 8.223.6 ± 8.518.2 ± 5.211.3 ± 9.0Abduction, Extension \< Adduction, FlexionDate are presented as mean ± SD, RA: rectus abdominis; IOA: internal oblique abdominis; ES: Erector spinae muscle; Mf: multifidus muscle, \*p\<0.05, \*\*p\<0.01, \*repeated one-way ANOVA.).

DISCUSSION {#s4}
==========

Tarnanen et al.[@r7]^)^ applied isometric contraction of the upper limb to both sides or one side in a standing position and examined the muscle activity of the body trunk on the same side and the opposite side. They reported that the muscle activity of Mf on the same side and the opposite side increased the most in the case of the horizontal abduction of the shoulder joint. Crommert et al.[@r8]^)^ found that supporting one's weight in a standing position while horizontally stretching the arms at shoulder joint height increased the muscle activity of ES more than in the case without stretching the arms. They also reported a significant effect on the muscle activity of the spinal extensor according to the location of the resistance loaded on the limbs. In this study, the isometric contraction of adduction and flexion of the upper limb induced a stronger muscle activity of the RA, IOA, ES, and Mf than abduction and extension. Myers et al.[@r9]^)^ argued that the entire human body reacts when one body part moves and that connective tissue is the only tissue that is capable of functional intervention. Their study addressed the interaction and the overall function of connective tissue, fascia, and other body systems using a line expression, such as front, rear, side, and oblique lines. Page et al.[@r10]^)^ categorized muscles where tension easily occurs and argued that the tonic muscle system is easily activated with adduction and flexion motions. The anterior deltoid and coracobrachialis muscles act in the flexion motion and muscle pectoralis major, latissimus dorsi muscle, and posterior deltoid act in the adduction motion. Here, the abdominal fascia chain acts as the IOA, external oblique abdominal muscle, muscle transversus abdominis, muscle pectoralis major, and muscle serratus anterior form a diagonal line. They also reported that the thoracolumbar fascia chain acts through the connection of the IOA, external oblique abdominal muscle, muscle transversus abdominis, latissimus dorsi muscle, and gluteus maximus muscle. Myers et al.[@r9]^)^ argued that the muscle contraction of the affected-side limbs transfers force to other muscles, tendon, fascia, ligament, articular capsule, and bone beyond the insertion and origin range of the contracting muscles. As a result, the muscle activity of the opposite-side body trunk that is far away is also affected through the body muscle system during the muscle contraction of the upper and lower limbs. Our study result, which demonstrated the effect of flexion and adduction motions in the case of the isometric contraction of the affected-side upper limb on the muscle activity of the RA, IOA, ES, and Mf of the opposite-side body trunk, is consistent with that of Page et al[@r10]^)^.

Our study restricted the number of participants, and the results cannot be generalized to every participant. Further studies are required in the future to investigate the muscle activity of the body trunk on the opposite side according to the movement of limbs using hemiplegic patients as a sample.
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